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Introduction

INTRODUCTION

Lawrence Livermore National Laboratory measures the radioactivity present in soil,
sediment, vegetation, and wine. LLNL also measures absorbed gamma radiation dose at
ground level receptors from terrestrial and atmospheric sources. The LLNL monitoring
program is designed to measure any changes in environmental levels of radioactivity and
to evaluate any increase in radioactivity that might have resulted from LLNL operations.
All monitoring activity follows U.S. Department of Energy (DOE) guidance. Moni-
toring on site or in the vicinity of the Livermore site or Site 300 detects radioactivity
released from LLNL that may contribute to radiation dose to the public or to biota;
monitoring at distant locations not impacted by LLNL operations detects naturally
occurring background radiation.

Terrestrial pathways from LLNL operations leading to potential radiation dose to the
public include resuspension of soils, infiltration of constituents of runoff water through
arroyos to groundwater, ingestion of locally grown foodstuffs, and external exposure to
contaminated surfaces and radioactivity in air. Potential ingestion doses are calculated
from measured concentrations in vegetation and wine; doses from exposure to ground
level external radiation are obtained directly from thermoluminescent dosimeters
(TLDs) deployed for environmental radiation monitoring. Potential dose to biota (see
Chapter 6) is calculated using a simple screening model that requires knowledge of
radionuclide concentrations in soils, sediments, and surface water.

Surface soil samples are analyzed for plutonium and gamma-emitting radionuclides.
Gamma-emitting radionuclides in surface soils include uranium isotopes, which are used
to provide data about the natural occurrence of uranium as well as data about the eftects
of explosive tests at Site 300, some of which contain depleted uranium. Other gamma-
emitting, naturally occurring nuclides (potassium-40 and thorium-232) provide addi-
tional data about local background conditions, and the long-lived fission product
cesium-137 provides information on global fallout from historical nuclear weapons
testing. In addition, soils at Site 300 are analyzed for beryllium, a potentially toxic metal
used there. With the addition of tritium, a similar suite of nuclides is analyzed in the sedi-
ments. Vadose zone soil concentrations are compared with de minimis concentrations
for tritium and background concentrations for metals. Vegetation and wine samples are
measured for tritium alone because tritium is the only nuclide released from LLNL that
can be measured in these products. Cosmic radiation accounts for about half the
absorbed gamma dose measured by the TLDs; naturally occurring isotopes of the
uranium-thorium-actinium decay series provide the dose from natural background radia-
tion found in the earth’s crust. By characterizing the background radiation, LLNL can
determine what, if any, excess dose can be attributed to laboratory operations.

Surface soils near the Livermore site and Site 300 have been sampled since 1971. Around
the Livermore site, sediments (from selected arroyos and other drainage areas) and vadose
zone soils have been sampled since 1988 and 1996, respectively; sampling of sediments or
vadose zone soils is not warranted at Site 300. LLNL has been monitoring tritium in
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vegetation since 1966 and has performed routine vegetation sampling on and around the
Livermore site and Site 300 since 1971. External radiation has been monitored around
the Livermore site since 1973 and around Site 300 since 1988.

Sampling for all media is conducted according to written, standardized procedures
summarized in the Environmental Monitoring Plan (Woods 2005).

LLNL also monitors wildlife and plants at the Livermore site and Site 300, and carries
out research relevant to the protection of rare plants and animals. Some monitoring and
research programs are required by existing permits, while additional monitoring
programs are designed to track the distribution and abundance of rare species. In addi-
tion, baseline surveys are conducted to determine distribution of special status species on
LLNL property. Monitoring and research of biota on LLNL property is conducted to
ensure compliance with requirements of the U.S. Endangered Species Act, the California
Endangered Species Act, the Eagle Protection Act, the Migratory Bird Treaty Act, and
the California Native Plant Protection Act as they pertain to endangered or threatened
species and other special status species, their habitats, and designated critical habitats that
exist at the LLNL sites.

SOIL AND SEDIMENT MONITORING

There are 6 soil and 4 sediment sampling locations on LLNL’s Livermore site

(Figure 5-1); 13 soil sampling locations in the Livermore Valley, including 6 at the
Livermore Water Reclamation Plant (LWRP) (Figure 5-2); and 14 soil sampling loca-
tions at or near Site 300 (Figure 5-3). The locations were selected to represent back-
ground concentrations (distant locations unlikely to be affected by LLNL operations) as
well as areas where there is the potential to be affected by LLNL operations. Areas with
known contaminants, such as the LWRP and areas around explosives tests areas at

Site 300, are also sampled.

Surface sediment and vadose zone soil samples are collected from selected arroyos and
other drainage areas at and around the Livermore site; these locations (Figure 5-1)
largely coincide with selected storm water sampling locations (see Chapter 4). Soils in
the vadose zone (the region below the land surface where the soil pores are only partially
filled with water) are collected in arroyo channels at the Livermore site as part of the
Ground Water Protection Management Program. Infiltration of natural runoft through
arroyo channels is a significant source of groundwater recharge, accounting for an
estimated 42% of resupply for the entire Livermore Valley groundwater basin (Thorpe
et al. 1990). The collocation of sampling for these media facilitates comparison of analyt-
ical results.
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Figure 5-1. Sampling locations, Livermore site, 2004
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Figure 5-2. Sampling locations, Livermore Valley, 2004

Surface soil samples are collected from the top 5 cm of soil because aerial deposition is
the primary pathway for potential contamination, and resuspension of materials from the
surface into the air is the primary exposure pathway to nearby human populations. Two
1-m squares are chosen from which to collect the sample. Each sample is a composite
consisting of 10 subsamples that are collected with an 8.25 cm diameter stainless steel
core sampler at the corners and the center of each square. Surface sediment samples are
collected in a similar manner. Ten subsamples, 5-cm deep, are collected at 1-m intervals
along a transect of the arroyo or drainage channel. At one of the subsample locations, a
15-cm deep sample is acquired for tritium analysis; this deeper sample is necessary to
obtain sufficient water in the sample for tritium analysis. Vadose zone samples are
collected at the same location as the tritium subsample. A hand auger is used to collect a
30- to 45-cm deep sample for metals analysis, and an electric drive coring device is used
to collect a sample 45- to 65-cm deep for analysis for polychlorinated biphenyls (PCBs).

In 2004, surface soil samples in the Livermore Valley were analyzed for plutonium and

gamma-emitting radionuclides. Samples from Site 300 were analyzed for gamma-
emitting radionuclides and beryllium. Annual sediment samples collected at the
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Figure 5-3. Sampling locations at Site 300 and off-site, 2004

Livermore site were analyzed for plutonium, gamma-emitting radionuclides, and tritium.
Vadose zone samples were analyzed for total and soluble metals; one vadose zone loca-
tion was analyzed for PCBs.

Prior to radiochemical analysis, surface soil and sediment samples are dried, sieved,
ground, and homogenized. The plutonium content of a 100-g sample aliquot is deter-
mined by alpha spectrometry. Other sample aliquots (300-g) are analyzed by gamma
spectrometry using a high-purity germanium (HPGe) detector for 47 radionuclides,
including fission products, activation products from neutron interactions on steel,
actinides, and natural products. The 10-g subsamples for beryllium analyses are analyzed
by atomic emission spectrometry.

Vadose zone soil samples are analyzed by standard EPA methods. In 2004, as in the
previous four years, a vadose zone soil sample from location ESB (Figure 5-1) was also
analyzed for PCBs.
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Radiological Monitoring Results

Tables 5-1 through 5-3 present data on the concentrations of plutonium-238 and
plutonium-239+240 in the Livermore Valley surface soils and sediments; data for
americium-241, which is only detected at LWRP; and data for tritium, which is only
measured in surface sediments. Data for cesium-137, potassium-40, thorium-232,
uranium-235, and uranium-238 in surface soils from the Livermore Valley sampling
locations are included in the file “Ch5 Soil” provided on the report CD.

The concentrations and distributions of all observed radionuclides in soil for 2004 are
within the ranges reported in previous years and generally reflect worldwide fallout and
naturally occurring concentrations. Plutonium has, in the past, been detected at levels
above background at VIS, a perimeter sampling location near the east boundary of the

Livermore site. In 2004, the measured plutonium-239+240 value for VIS was

Table 5-1. Plutonium activity concentrations in Livermore Valley soil, 2004

Location Plutonium-238 Plutonium-239+240
(mBqg/dry g) (mBqg/dry g)
L-AMON-SO 0.0075 = 0.0021 0.093 = 0.0094
L-CHUR-SO 0.0038 = 0.0037 0.11 £ 0.015
L-COW-SO 0.0058 = 0.0019 0.025 + 0.0042
L-FCC-SO 0.0041 = 0.0016 0.037 £ 0.0053
L-HOSP-SO 0.0051 = 0.0019 0.038 + 0.0055
L-MESQ-SO 0.0055 = 0.0020 0.025 + 0.0041
L-MET-SO 0.0017 = 0.0011 0.050 + 0.0061
L-NEP-SO 0.0078 = 0.0031 0.046 + 0.0077
L-PATT-SO 0.0034 = 0.0042 0.023 + 0.0072
L-SALV-SO 0.015 = 0.0031 0.051 = 0.0064
L-TANK-SO 0.0067 = 0.0020 0.095 + 0.0098
L-VIS-SO 0.022 = 0.0043 0.47 = 0.037
L-ZON7-SO 0.0050 = 0.0012 0.056 + 0.0051
Median 0.0055 0.050
IQR(@) 0.0034 0.056
Maximum 0.022 0.47

Note: Radioactivities are reported as the measured concentration and either an uncertainty (£20

counting error) or as being less than or equal to the detection limit. If the concentration is less
than or equal to the uncertainty or the detection limit, the result is considered to be a nondetec-
tion. See Chapter 8.

a IQR = Interquartile range
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5-8

Table 5-2. Plutonium and americium activity concentrations in LWRP soil, 2004

Location Plutonium-238 Plutonium-239+240 Americium-241
(mBg/dry g) (mBg/dry g) (mBg/dry g)

L-WRP1-SO 0.45 + 0.034 9.6 + 0.65 4.8 1.4
L-WRP2-SO 0.25 + 0.020 4.4 +0.30 28 +23
L-WRP3-SO 0.057 + 0.0083 0.96 = 0.073 <0.77
L-WRP4-SO 0.027 + 0.0043 0.51 £ 0.038 <0.51
L-WRP5-SO 0.074 = 0.0086 1.7 £ 0.12 <1.1
L-WRP6-SO 0.069 = 0.0076 1.2 =+ 0.085 <0.51
Median 0.072 1.5 <0.94
IQR®) 0.15 2.7 —®)
Maximum 0.45 9.6 4.8

Note: Radioactivities are reported as the measured concentration and either an uncertainty (=20

counting error) or as being less than or equal to the detection limit. If the concentration is less
than or equal to the uncertainty or the detection limit, the result is considered to be a
nondetection. See Chapter 8.

a IQR = Interquartile range

b Interquartile range not calculated because of high incidence of nondetections.

Table 5-3. Plutonium and tritium activity concentrations in surface sediment, 2004

Location Plutonium-238 Plutonium-239+240 Tritium
(mBqg/dry g) (mBq/dry g) (Ba/L)
L-ALPE-SD 0.0016 = 0.0010 0.025 + 0.0041 2.1+3.0
L-ALPN-SD 0.0041 = 0.0017 0.017 = 0.0032 0.0096 + 2.9
L-ESB-SD 0.12 £ 0.011 1.3 £ 0.094 1.9 +3.0
L-WPDC-SD 0.00019 = 0.00060 0.0054 + 0.0018 0.63 +2.9
Median 0.0029 0.021 1.3
IQR(@) —(b) —(b) —(b)
Maximum 0.12 1.3 2.1

Note: Radioactivities are reported as the measured concentration and either an uncertainty (£20
counting error) or as being less than or equal to the detection limit. If the concentration is
less than or equal to the uncertainty or the detection limit, the result is considered to be a

nondetection. See Chapter 8.
a IQR = Interquartile range

b Interquartile range not calculated because of high incidence of nondetections
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0.47 mBq/dry g (1.28 x 1072 pCi/dry g), a value that is approximately equal to the 95%
upper confidence level for the 95th percentile calculated for background data (i.e.,

0.48 mBq/dry g [1.3 x 1072 pCi/dry g]) (LLNL 1998, Appendix D). The slightly
higher values at and near the Livermore site have been attributed to historic operations,
including the operation of solar evaporators for plutonium-containing liquid waste in the
southeast quadrant (Silver et al. 1974). LLNL ceased operating the solar evaporators in
1976 and no longer engages in any other open-air treatment of plutonium-containing
waste.

A sediment sampling location, ESB, also shows the effects of historic operation of the
solar evaporators; it is in the drainage area for the southeast quadrant at LLNL. The
measured value for plutonium-239+240 at this location for 2004 was 1.3 mBq/dry g
(3.6 x 1072 pCi/dry g). All tritium concentrations were less than the range of concentra-
tions for previous years; all results were below the detection limit.

Elevated levels of plutonium-239+240 (resulting from an estimated 1.2 x 10? Bq

[32 mCi] plutonium release to the sanitary sewer in 1967 and earlier releases) were again
detected at LWRP sampling locations. In addition, americium-241 was detected in two
LWRP samples; it is most likely caused by the natural radiological decay of the trace
concentrations of plutonium-241 that were present in the releases to the sewer.

Historical median plutonium-239+240 concentrations in soil in the Livermore Valley
upwind and downwind of the center of the LLNL Livermore site and at LWRP are
shown in Figure 5-4. Livermore Valley upwind concentrations have remained relatively
constant since monitoring began and generally are indicative of worldwide fallout.
Greater variation can be noted in the downwind concentration data, which in 2004
included sampling locations VIS, PATT, NEP, COW, AMON, SALV, and ZON7,
compared with the upwind data. Notable variability in plutonium-239+240 is also seen
in samples from LWRP. Because the plutonium-239+240 is likely to be present in
discrete particles, the random presence or absence of the particles dominates

the measured plutonium-239+240 in any given sample.

Table 5-4 presents data on the concentrations of uranium-235, uranium-238, and
beryllium in soil from the Site 300 sampling locations; 2004 soils data for Site 300 for
cesium-137, potassium-40, and thorium-232 are included in the file “Ch5 Soil”
provided on the report CD. The concentrations and the distributions of all observed
radionuclides in Site 300 soil for 2004 lie within the ranges reported in all years since
monitoring began. The ratio of uranium-235 to uranium-238 generally reflects the
natural ratio of 0.7%. There is significant uncertainty in calculating the ratio, however,
due to the difficulty of measuring low activities of uranium-238 by gamma spectrometry.
The highest measured value for 2004 occurred at 812N. The uranium-235 to
uranium-238 ratio in this sample equals that ratio for depleted uranium (i.e., 0.002).
Such values at Site 300 result from the use of depleted uranium in explosive experiments.
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Figure 5-4. Median plutonium-239+240 activities in surface soils, 1976-2004

Nonradiological Monitoring Results

Analytical results for metals are compared with site-specific natural background concen-
trations for metals. (See the file “Ch5 Soil” provided on the report CD for the back-
ground concentrations and analytical results for metals.)

All total metals concentrations at the Livermore site were within site background, with
the exception of zinc at location ESB. Livermore site groundwater surveillance moni-
toring (see Chapter 4) will determine any impacts on site groundwater. Since 2000,
Aroclor 1260 (a PCB) has been detected at location ESB. In 2004, it was again detected
at location ESB at a concentration of 3.7 mg/kg. The presence of PCBs suggests that
this sample represents residual low-level contamination from the 1984 excavation of the
former East Traffic Circle landfill (see Chapter 4). The detected concentrations are
below the federal and state hazardous waste limits.
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Table 5-4. Uranium and beryllium concentrations in Site 300 soil, 2004

Location Uranium-235(@ | Uranium-238(t) U235/U238 Beryllium

(ug/dry g) (ng/dry g) ratio (mg/kg)
3-801E-SO 0.020 + 0.098 2.3+ 1.1 0.0087 =+ 0.0060 <0.5
3-801N-SO 0.029 + 0.013 57+ 1.6 0.0051 + 0.0027 0.64
3-801W-SO 0.029 + 0.015 43+1.6 0.0067 + 0.0043 <0.5
3-812N-SO 0.36 * 0.025 180 * 37 0.0020 + 0.00043 9.3
3-834W-SO 0.017 + 0.012 1.9+15 0.0089 + 0.0095 0.61
3-851N-SO 0.030 + 0.014 43+20 0.0070 + 0.0046 0.67
3-856N-SO 0.021 + 0.0083 2.2 +0.77 0.0095 + 0.0050 <0.5
3-8585-SO 0.023 + 0.015 2.0 £ 0.79 0.012 + 0.0088 <0.5
3-DSW-SO 0.035 + 0.012 5.6+ 1.6 0.0063 + 0.0028 <0.5
3-EOBS-SO 0.025 + 0.012 2117 0.012 = 0.011 <0.5
3-EVAP-SO 0.033 + 0.010 49+15 0.0067 + 0.0029 <0.5
3-GOLF-SO 0.021 + 0.012 1.8+15 0.012 + 0.012 <0.5
3-NPS-SO 0.022 + 0.0093 2.0 * 0.91 0.011 + 0.0067 <0.5
3-WOBS-SO 0.015 + 0.0086 1.5+1.0 0.010 + 0.0088 <0.5
Median 0.024 2.3 0.0088 <0.5
IQR() 0.0087 2.8 0.0041 —(d
Maximum 0.36 180 0.012 9.3

Note: Radioactivities are reported as the measured concentration and either an uncertainty (¥20
counting error) or as being less than or equal to the detection limit. If the concentration is less than
or equal to the uncertainty or the detection limit, the result is considered to be a nondetection. See
Chapter 8.

a Uranium-235 activities can be determined by multiplying the mass concentration provided in the table
in ug/dry g by specific activity of uranium-235 (i.e., 0.080 Bqg/ug or 2.15 pCi/ug).

b Uranium-238 activities can be determined by multiplying the mass concentration provided in the table
in ug/dry g by specific activity of uranium-238 (i.e., 0.01245 Bq/ug or 0.3367 pCi/ug).

¢ IQR = Interquartile range

d Interquartile range not calculated because of high incidence of nondetections.

Beryllium results for soils at Site 300 (Table 5-4) were within the ranges reported since
sampling began. The highest value, 9.3 mg/kg, was found at B812, which is an area that
has been used for explosives testing. This value is much less than the 110 mg/kg
detected at B812 in 2003. These diftering results reflect the particulate nature of the
contamination.
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Environmental Impact on Soil and Sediment
Livermore Site

Routine surface soil, sediment, and vadose zone soil sample analyses indicate that the
impact of LLNL operations on these media in 2004 has not changed from previous years
and remains insignificant. Most analytes of interest or concern were detected at back-
ground concentrations or in trace amounts, or could not be measured above detection
limits.

The highest value ot 9.6 mBq/dry g (0.26 pCi/dry g) for plutonium-239+240
measured at LWRP is 2% of the National Council on Radiation Protection and Measure-
ments (NCRP) recommended screening limit of 470 mBq/g (12.7 pCi/g) for property
used for commercial purposes (NCRP 1999). Regression analysis of the annual medians
of the upwind and downwind data groups shows a slight decrease in plutonium-
239+240 values with time.

Over the years, LLNL has frequently investigated the presence of radionuclides in local
soils. Several of the studies are listed in Tables 2-1 and 5-5. These studies have consis-
tently shown that the concentrations of radionuclides in local soils are below levels of
health concern.

Site 300

The concentrations of radionuclides and beryllium observed in soil samples collected

at Site 300 are within the range of previous data and are generally representative of back-
ground or naturally occurring levels. The uranium-235 /uranium-238 ratios that

are indicative of depleted uranium occur near firing tables at Buildings 801 and 812.
They result from the fraction of the firing table operations that disperse depleted
uranium. The uranium-238 concentrations are below the NCRP recommended
screening level for commercial sites of 313 pg/g (3.9 Bq/g or 105 pCi/g). Historically,
some measured concentrations of uranium-238 near Building 812 have been greater
than the screening level. A CERCLA remedial investigation is underway at the

Building 812 firing table area to define the nature and extent of contamination.

VEGETATION AND FOODSTUFF MONITORING

Vegetation sampling locations at the Livermore site (Figure 5-1) and in the Livermore
Valley (Figure 5-2) are divided into four groups (Near, Intermediate, Far, and PIN1) for
statistical evaluation. Tritium from LLNL operations may be detected at the Near and
Intermediate locations depending upon wind direction and the magnitude of the
releases. Near locations (AQUE, GARD, MESQ, NPER, MET, PIN2, and VIS) are
onsite or within 1 km of the LLNL site perimeter; Intermediate locations in the
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Table 5-5. Special soil and sediment studies

Year Subject(a) Reference
1971-1972 | Radionuclides in Livermore Valley soil Gudiksen et al. 1972;
Gudiksen et al. 1973
1973 Radionuclides in San Joaquin Valley soil Silver et al. 1974
1974 Soil study of southeast quadrant of Livermore site Silver et al. 1975
1976 Evaluation of the Use of Sludge Containing Plutonium as | Myers et al. 1976
a Soil Conditioner for Food Crops
1977 Sediments from LLNL to the San Francisco Bay Silver et al. 1978
1980 Plutonium in soils downwind of the Livermore site Toy et al. 1981
1990 195 samples taken in southeast quadrant for study Gallegos et al. 1992
1991 Drainage channels and storm drains studied Gallegos 1991
1993 EPA studies southeast quadrant Gallegos et al. 1994
1993 Historic data reviewed Gallegos 1993
1995 LLNL, EPA, and DHS sample soils at Big Trees Park MacQueen 1995
1999 Summary of results of 1998 sampling at Big Trees Park | Gallegos et al. 1999
2000 Health Consultation, Lawrence Livermore National ATSDR 2000
Laboratory, Big Trees Park 1998 Sampling
2002 Livermore Big Trees Park:1998 Results MacQueen et al. 2002
2003 ATSDR Public Health Assessment Plutonium 239 in ATSDR 2003

Sewage Sludge Used as a Soil or Soil Amendment in the
Livermore Community

a See Acronyms and Abbreviations for list of acronyms.

Livermore Valley (I580, PATT, TESW, and ZON7) are greater than 1 and less than 5 km
from the LLNL perimeter. Far locations are unlikely to be affected by LLNL operations;
one background location (CAL) is more than 25 km distant, and the other (FCC) is
about 5 km from the Livermore site but generally upwind. The PINI location is a pine
tree rooted in an area of known tritium groundwater contamination on the Livermore
site. Sampling of both PIN1 and PIN2 was discontinued at the end of 2004 due to an
infestation of red turpentine beetles in PIN1 and because doses from minor sources no
longer need to be calculated for compliance with NESHAPs regulations (see Chapter 6).

There are four monitoring locations for vegetation at Site 300 (Figure 5-3). Vegetation
at locations DSW and EVAP exhibit variable tritium concentrations due to uptake of
contaminated groundwater by roots. At the two other locations, 801E and COHO, the
only potential source of tritium uptake is the atmosphere.
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Wines for sampling in 2004 were purchased from supermarkets and wine merchants in
Livermore. Wines represent the Livermore Valley, two regions of California, and the
Rhone Valley in France. In 2004, the wine sampling network was cut by more than half;
judicious choice of wines can provide as much information as was obtained from the
larger network.

Water is extracted from vegetation by freeze-drying and counted for tritiated water
(HTO) using liquid scintillation techniques. Both HTO and organically bound tritium
(OBT) are detected in wine using helium-3 mass spectrometry, but the relative fractions
of each are not determined.

Vegetation Monitoring Results

All concentrations of tritium in Livermore vegetation for 2004 are shown in Table 5-6.
The highest mean and maximum concentrations in vegetation for 2004 were at the Near
location NPER. NPER is not the location at which the highest concentrations are
normally expected. The high concentration in vegetation at NPER occurred during the
two-week period when concentrations at the DWTF ambient air tritium sampler were
more than eight times higher than the biweekly mean for 2004 (see file “Ch3 Ambient
Air” provided on the report CD).

Median values for each set of sampling locations are graphed in Figure 5-5 to show the
trend in tritium concentrations in vegetation since 1972. Concentrations at the Far and
Intermediate locations have been below the detection limits for several years. In 2003
and 2004, the median concentrations for Near locations were also below detection
limits. The lower limit of detection (LLD) has varied over the years, and a comparison
of results based on the recent mean value of the LLD of about 2.0 Bq/L (54 pCi/L)
eliminates variability arising from uncertain counting statistics at these low levels. The
value for the median for Near locations for 2003 was 1.8 Bq/L (49 pCi/L); for 2004, it
was 1.5 Bq/L (40 pCi/L). Although the changes in these concentrations may reflect
the lower tritium emissions in 2004 compared with 2003, it can only be by chance,
because statistically there is no difference between them.

As in the past, concentrations in PIN1, because of the contaminated groundwater
source, were much higher than those in other vegetation. In 2004, PIN2, the pine at
location VIS that is only exposed to atmospheric tritium, exhibited concentrations indis-
tinguishable from the herbaceous VIS samples. All Near sample concentrations were
statistically different from concentrations in PIN1.

All samples at Site 300 locations 801E and COHO were below detection limits. Median
concentrations at locations 801E and COHO have been at or below detection limits
since 1991. Tritium in vegetation at DSW and EVAP continues its erratic pattern dating
from 1983, with high concentrations at times and nondetections at other times,
depending upon whether or not the roots are taking up contaminated groundwater. The
median concentrations at DSW and EVAP for 2004 were lower than those in 2003. The
highest concentration (360 Bq/L [9700 pCi/L]) was observed at EVAP.
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Table 5-6. Quarterly concentrations of tritium in plant water (Bg/L) and mean annual ingestion doses,

2004
Mean
First quarter | Second quarter | Third quarter | Fourth quarter | Median | Mean dose(@
(nSv/y)
Sampling locations within 1 km of the Livermore site perimeter
AQUE 1.4+1.4 15%1.9 -0.016 = 2.6 1515 1.5 1.1 < 100
GARD |-0.042 + 1.3 0.39 + 1.9 -0.070 = 2.7 41+17 0.17 1.1 < 100
MESQ 0.27 + 1.4 1.7 +2.0 1.8+28 1.1+1.6 1.4 1.2 < 100
MET -0.60 + 1.3 5.4+ 2.1 0.70 = 2.6 23+1.6 1.5 2.0 < 100
NPER 12+1.4 52+ 2.1 13+3.0 1.3+1.6 3.3 5.2 25
PIN2 2415 6.0 2.1 2.4 + 3.1 45+ 1.7 35 3.8 _
VIS 0.54 + 1.4 5.4+ 2.1 0.16 + 2.6 0.96 +1.5 0.75 1.8 < 100
PINT() 22 +2.4 44 * 3.4 210 + 6.7 84 + 4.0 64 90 _ (e
Sampling locations from 1 to less than 5 km from the Livermore site perimeter
1580 1.7 1.2 1.7 2.0 -0.31 %27 23+1.6 0.70 0.50 < 100
PATT -0.57 1.3 22+20 0.38 = 2.7 1.5+1.6 0.94 0.88 < 100)
TESW 14+1.4 2.0+20 -2.0%26 1.7+1.6 1.6 0.77 < 100
ZON7 -0.77 = 1.3 3.1 +2.1 0.86 + 2.7 1515 1.2 1.2 < 100
Sampling locations more than 5 km from the Livermore site perimeter
CAL -11+13 1.9 2.0 0.063 = 2.6 0.58 = 1.6 0.32 0.36 < 100
FCC 22+1.2 23=%15 -14+26 | -0.081 %15 -1.8 -1.5 < 10
Sampling locations at Site 300
COHO 2112 1.0+1.9 -1.8%29 -0.91 + 1.4 1.4 | -095 | <10k
801E -0.38+1.3 2.0+20 3.0 + 3.1 -0.02+1.5 0.99 1.2 < 100
Dswid) 13+2.0 3.4+20 45+ 3.0 3.0+1.7 4.0 6.0 29
EVAP() 14+20 5.8 +2.1 360 * 9.0 18 +2.2 16 99 490

Note: Radioactivities are reported as the measured concentration and an uncertainty (20 counting error). If the concentration
is less than or equal to the uncertainty, the result is considered to be a nondetection. See Chapter 8.

a Ingestion dose is based on conservative assumptions that an adult's diet is exclusively vegetables with this tritium concentra-
tion, and that meat and milk are derived from livestock fed on grasses with the same concentration of tritium. See Table 6-6.

b When concentrations are less than the detection limit (about 2.0 Bg/L), doses can only be estimated as being less than the
dose at that concentration.

¢ Doses were not calculated because pine trees are not ingested by human beings. Concentrations from PIN2 are included
with NEAR vegetation because plant water tritium concentrations are similar among plant types.

d These plants are rooted in areas of known subsurface contamination.

e Between 1997 and 2002, PINT was treated as a diffuse source (because pine needles are not eaten by human beings) and a
dose was calculated. Beginning in 2003, for NESHAPs compliance, ambient air monitoring at LLNL accounts for minor
diffuse sources, so a dose was not calculated.
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Note: When median values are below 2.0 Bg/L (54 pCi/L; below the lower limit of detection), values are plotted
as 2.0 Bg/L to eliminate meaningless variability.

Figure 5-5. Median tritium concentrations in Livermore Site and Livermore Valley plant water
samples, 1972 to 2004

Wine Monitoring Results

The mean concentration (0.88 Bq/L [24 pCi/L]) of Livermore Valley wines sampled in
2004 is essentially the same as the mean (0.89 Bq/L [24 pCi/L]) for 2003; California
wines continue to reflect residual historical bomb fallout and cosmogenic tritium levels
(Table 5-7). The two wines from the Rhone Valley in France are as high or higher than
any European wine previously sampled by LLNL and vinted after 1991 (Figure 5-6);
this is not surprising because the Rhone Valley is home to numerous nuclear reactors
used for power production. The highest concentration in a Livermore Valley wine

(1.4 Bq/L [38 pCi/L]) was from a wine made from grapes harvested in 2000. Both
Rhone Valley wines were vinted in 2001.

The wines purchased in 2004 represent vintages from 2000 to 2003. Thus, to compare
the effect of LLNL operations on local wines, concentrations at the time of laboratory
analysis must be corrected for the radiological decay that has occurred since the approxi-
mate date of harvest. Decay-corrected concentrations of tritium in wine for the
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Table 5-7. Tr